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The endograft was originally developed to repair aneurismal disease of the infra-renal aorta and has since realised many
other applications, including the treatment of arterial trauma. Traumatic transection of the thoracic aorta is a condition
associated with a high mortality and affected patients often have multiple injuries. Endovascular repair of thoracic
transection is an attractive option in those patients for whom open surgical repair would be highly dangerous and other
groups have reported early technical success. However, we report 3 cases of young patients with traumatic thoracic aortic
transection, initially treated successfully by endoluminal stenting, who developed the complication of stent collapse. We
discuss here the options available to treat the complication. (J Vasc Surg 2007;46:780-5.)The use of the endovascular technique for the treat-
ment of arterial trauma was initially reported by Parodi in
1999.1 The endovascular technique had originally been
developed for the high risk patient requiring an infra-renal
aortic aneurysm repair. The endoluminal option has dra-
matically altered the approach to aneurysm repair through-
out the vascular tree, from the aorta to the external iliac
vessels. As experience developed, so the applications of the
technique have broadened to include traumatic pathology
in addition to the aneurysmal pathology.2-4
We report 3 cases of young patients with traumatic
thoracic aortic transection, initially treated successfully by
endoluminal stenting, who developed the complication of
stent collapse. We discuss here the options available to treat
the complication.
CASE REPORT
Case 1. A 20-year-old man who had been involved in a road
traffic accident presented with multiple injuries, including multiple
rib fractures, bilateral lung contusions, a left hemothorax, fractures
of the right iliac blade and acetabulum, and a thoracic aortic
transection. The native thoracic aorta was 22.7 mm in diameter. (In
this case and the following cases, measurements of the aorta were
obtained from multidetector computed tomography angiography
[MDCTA]. The measurements were taken from one inner wall to
the other inner wall of the aorta, in the axial plane.) The patient
proceeded to endoluminal stent grafting through a right femoral
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780artery cutdown. A Gore TAG (W.L. Gore & Associates, Inc,
Flagstaff, Ariz) graft (28 15mm) was placed that covered the left
subclavian artery origin. A good technical result was achieved and
can be seen in the postoperative MDCTA images in Fig 1. The
28-mm graft was used because it was the smallest available in the
department at the time, and the patient was too unstable for
treatment to be delayed. Adjunctive ballooning was not performed
in this case or any of the following cases.
After a period of ventilation in the intensive care unit, the
patient made an uncomplicated recovery. He was reviewed in the
outpatient department 5 months after discharge and was found to
be clinically well; results of examination of his vascular system were
normal. In our institution, all patients undergoing endovascular
aneurysm repair undergo routine computed tomographic surveil-
lance with scans before discharge, at 6 months and 1 year after
stenting, and annually thereafter if there are no complications. The
6-month surveillance MDCTA scan of this patient revealed partial
collapse of the thoracic stent graft (Fig 2).
The patient was immediately readmitted, and a decision was
made to explant the stent graft. An endovascular solution for this
problem was initially considered but then dismissed for two rea-
sons. First, the stent appeared collapsed during study of the com-
puted tomographic images. Second, the patient was nowmedically
fit, and we considered that he would be able to tolerate a thora-
cotomy. He underwent a clamshell thoracotomy on bypass with
open removal of the stent graft (Fig 3) and aortic tube graft repair
of the aortic arch and descending thoracic aorta (Fig 4). The
procedure was performed with the patient on full cardiac bypass; a
split circuit was used with cannulas in the femoral artery and aorta.
At operation, the stent was found to be partially incorporated into
the aortic wall, and extensive dissection was required to enable
extraction of the endograft. The proximal aortic cross-clamp had
to be placed proximal to the left common carotid artery to facilitate
stent explantation, after which the clamp was moved to a position
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subclavian artery origin. The patient made a good recovery and was
discharged on day 10.
Case 2. A 17-year-old woman had been a front-seat passen-
ger in a road traffic accident and sustained multiple injuries,
including bilateral lung contusions, a right-sided pneumothorax
necessitating a chest drain, a splenic laceration, a small liver lacer-
ation, a pelvic fracture with hematoma, and a closed head injury. In
addition, she had a transection of the thoracic aorta. She was
referred as an emergency transfer from another region. However,
just before transfer, she developed circulatory collapse and re-
quired on-site laparotomy and splenectomy. She was transferred
once stable. The native thoracic aorta was measured at 21.5 mm in
diameter from the MDCTA. We placed two overlapping Gore
TAG stents (26  10 mm and 26  15 mm) into the aortic arch
Fig 1. Multidetector computed tomography angiography images
of a stent deployed in the thoracic aorta.(covering the left subclavian artery origin) via a left transfemoralapproach (Fig 5). During deployment of the first endograft, the
stent jumped back as a result of a “wind sock effect,” thus resulting
in incomplete coverage of the target area. Hence, a second over-
lapping stent was deployed.
Her associated injuries necessitated a prolonged admission to
the intensive care unit. However, there were no stent-related
complications, and she was subsequently discharged and followed
up in her local hospital. Eleven months later, she presented to her
local medical team with vomiting and abdominal pain. Investiga-
tions revealed that she was profoundly acidotic with a base deficit of
15 and was also 16 weeks pregnant. A transthoracic echocardio-
gram suggested that therewas a 100mmHgpressure gradient across
her thoracic stent, and she was transferred back to our care for
investigation. She denied any vascular symptoms, and on clinical
examination of the vascular system, all upper limb pulses were
present, but the femoral pulses were reduced. A chest radiograph
showed that the proximal end of the stent was partially collapsed
with central crimping, thus producing a double-barreled appear-
ance of the stent (Fig 6). A transthoracic echocardiogram con-
Fig 2. Multidetector computed tomography angiography image
of a collapsed stent deployed in the thoracic aorta.
Fig 3. Collapsed stent in the thoracic aorta.firmed these findings and the pressure gradient of 100 mm Hg
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the obstetric and medical teams. A history of possible anorexia and
vomiting was elicited. No other cause for the acidosis was identi-
fied, and the acidosis was attributed to hyperemesis related to
either pregnancy or anorexia nervosa. The acidosis resolved after
intravenous rehydration and an improved dietary intake.
In view of her pregnancy, open thoracotomy was not consid-
ered to be a safe treatment option. However, we were concerned
that the combination of the hyperdynamic state of pregnancy and
an impaired outflow tract might compromise the pregnancy.
She therefore proceeded to endoluminal ballooning of the
proximal end of the collapsed stent with deployment of a
Palmaz stent (P40414; Cordis Europa N.V., Roden, The
Netherlands). The Palmaz stent was mounted over a MAXI LD
balloon (Cordis Europa N.V.), and the balloon was inflated to 2
atm with an inflation device. Controlled hypotension (mean pres-
sure, 90-100 mm Hg) was induced during the balloon inflation
and stent deployment in the arch, as is our routine practice. The
collapsed stent was successfully opened, and intraoperative esoph-
ageal echocardiogram demonstrated that the pressure gradient
across the stent had disappeared.
We had obtained advice from the radiation protection adviser
for our institution before the operation regarding the fetus. As a
result, a lead apron (0.25 mm Pb equivalent) was applied to her
abdomen and pelvis during the procedure. Her pregnancy and
delivery were otherwise uneventful. We remain uncertain as to
whether the placement of the Palmaz stent will be a long-term
solution for this patient or whether the original endograft has an
increased chance of collapsing again. This patient may ultimately
require open surgery and stent removal.We continue to follow her up
with regular transthoracic echocardiograms, and themost recent scan
shows no evidence of a pressure gradient across the stent.
Case 3. A 32-year-old man was admitted with multiple inju-
ries after a fall of 40 feet from a balcony. His injuries included
multiple bilateral rib fractures with a flail segment, a left hemotho-
rax and right pneumothorax, bilateral lung contusions, traumatic
right-sided lung cysts, a fractured wrist, and a wedge fracture of the
12th thoracic vertebral body associated with a fracture of its
transverse process. He also had a traumatic transection of his
Fig 4. Completed open repair of the thoracic aorta.thoracic aorta just distal to the left subclavian artery origin (Fig 7).The native thoracic aorta was measured at 23.2 mm from
MDCTA. He underwent a technically successful endoluminal
stent insertion (Gore TAG; 28  15 mm) to the aortic arch
(covering the left subclavian artery origin) and descending aorta via
a right transfemoral approach. As in case 1, the 28-mm-diameter
graft was used because it was the smallest available in our depart-
ment at that time, and he was too unstable for treatment to be
delayed.
AnMDCTA scan was performed on day 4, and this confirmed
the endograft to be in a good position. Despite initial clinical
improvement, the patient developed progressive resistant hyper-
Fig 5. Multidetector computed tomography angiography images
of a stent deployed in the thoracic aorta.tension in the intensive care unit 7 days later. AnMDCTA revealed
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solution for this problem was considered and reluctantly dismissed
on this occasion because the proximal end of the stent graft
appeared very distorted and fully collapsed when studied on the
computed tomographic images. The patient immediately pro-
ceeded to a clamshell thoracotomy on bypass, explantation of the
stent graft (Fig 9), and an interposition aortic tube graft repair of
the aortic arch and descending thoracic aorta. His postoperative
course was difficult because of his associated injuries; however, he
has now been discharged home and is making good progress.
DISCUSSION
Traumatic transection of the thoracic aorta is a blunt
deceleration injury, usually occurring as a result of a motor
vehicle accident.5,6 Injuries of the thoracic aorta result from
the effect of shear forces at points of anatomic fixity—eg,
the left subclavian artery (65%), arch (10%), descending
aorta (12%), or multiple sites (13%).7 The injury has an
associated mortality of more than 80%,8 with an overall
mortality of thoracoabdominal aortic traumatic injury of
94% to 98% in the first 2 hours.6,9 Those patients reaching
the hospital fall into two groups: those who will remain
stable and can be treated conservatively10 and those who
require surgery.11-14 Of those treated conservatively, 42%
may develop evidence of aneurysmal disease within 5 years
of injury, and 85% may do so within 20 years.15
The reported mortality of open repair varies from 16%
to 31%,5,14,16-18 and associated morbidity such as paraple-
gia varies from 8.7% to 19%.5,16,17,19 As shown by our
cases, there are often significant associated injuries, such as
liver laceration (61%), head injuries (42%), multiple rib
fractures (78%), heart laceration (34%), splenic laceration
(36%), and thoracic spine fractures (20%).6 Therefore, an
endovascular repair of thoracic transection is an attractive
option in patients who have other life-threatening comor-
bidities and for whom open surgical repair would be highly
dangerous, particularly given the necessity of anticoagula-
Fig 6. Chest x-ray image of double-barreled appearance of a
collapsed stent in the thoracic aorta.tion during the procedure.Many other groups have had early technical success
with this technique, with few complications and no mortal-
ity using Talent (Medtronic, Minneapolis, Minn),3,20
Gore,20 Min Tec (Boston Scientific, Natick Mass),3,20 and
Gianturco Z (Cook Inc, Bloomington, Ind)21 stents.
However, recently there have been reports of late stent
collapse.22 Thoracic transection can be treated with en-
doluminal stent placement with good technical success but
seems to have a risk of subsequent early stent collapse. Once
this has occurred, the stent either must be removed via
open thoracotomy or can be reopened as a temporizing
measure with an endoluminal approach. Even in young
patients, an open thoracotomy can be associated with mor-
tality and morbidity. If the collapse occurs in the early
Fig 7. Multidetector computed tomography angiography images
of thoracic aortic transection.postdeployment period, these risks will be higher, because the
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ity. Although two of our cases have undergone open surgical
removal of the stent, we were forced to consider another
option for the pregnant woman, which to date has been
successful and more durable than we anticipated.
The group of patients with thoracic transections is not
the same as those who undergo thoracic stenting for aneu-
rysms or dissections of the thoracic aorta. The patients are
often younger, and their aortas are normal, with none of
the associated calcification, stiffness, and atherosclerosis
associated with intrinsic aortic disease. The aortic diameter
is smaller, and it has been proposed that the collapse is
secondary to oversizing. The oversizing in these cases was
23.6%, 21.4%, and 20.95% for cases 1, 2, and 3, respec-
tively; these results are similar to those in other reports.22
Although it is conceivable that oversizing should be
avoided in these cases, it is not feasible for most depart-
ments to stock a range of stents for aortas of approximately
20 mm in diameter. The other possible explanation for
stent collapse may be that the hemodynamics in this group,
Fig 8. Multidetector computed tomography angiography image
of a collapsed stent in the thoracic aorta.
Fig 9. Explanted collapsed stent.with smaller and more compliant vessels after trauma, arevery different from those in the patients with older, larger,
calcified aneurysmal vessels. In addition, the aortic arch of
young patients has amore acute angle, and it is possible that
the endograft is unable to conform tightly to the inner
curvature of the arch. If the proximal stent and aortic wall
have poor apposition, a type Ia endoleak will result, and this
may cause the collapse of the endograft. The collapse can be
either an early or late complication.
Until now, we have treated thoracic transections
with stents that were designed for a different pathology.
We require a new range of grafts that are smaller and
more compliant and have lower profiles to meet the
needs of the younger patient with a smaller, more peaked,
and more compliant aortic arch and smaller access vessels.
We also need to consider the use of adjunctive technol-
ogy to assist with fixation of the proximal endograft in these
patients.We have already used a Palmaz stent as a secondary
procedure, but we should be prepared to use this technique
as an adjunct in the primary procedure to avoid rather than
treat the complication. Alternative solutions to proximal
graft fixation problems may include modifications to the
proximal end of the stent and perhaps the use of endo-
staples. However, the aorta in these patients is very thin
walled, and such fixation might result in a risk of perfora-
tion. The deployment of multiple, shorter grafts in the
aorta may offer an increase in resistance and reduce the risk
of stent collapse. However, currently available stents are
too large, and such a practice will increase the problems
with oversizing. Developments in technology are necessary
to refine the highly desirable endovascular treatment op-
tion for patients with multiple injuries and aortic transec-
tion.
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